Crystal structure of bis{(S)-1-[2-(diphenylphosphanyl)ferrocenyl]-(R)
)]BrÁCH 2 Cl 2 . The crystal structure of 1HÁBrÁ-CH 2 Cl 2 was determined by single-crystal X-ray diffraction. The mean bond lengths in the ferrocene units are Fe-C = 2.049 (3) Å and C-C = 1.422 (4) Å within the cyclopentadienyl rings. The mean C-N bond length is 1.523 (4) Å . The interplanar angle between the two connected cyclopentadienyl rings is 49.2 (2) . One ferrocene moiety adopts a staggered conformation, whereas the other is between staggered and eclipsed. The Br À ions and the CH 2 Cl 2 molecules are located in channels extending along <100>. One ammonium H atom forms a hydrogen bond with the Br À ion [HÁ Á ÁBr = 2.32 (4) Å and C-HÁ Á ÁBr = 172 (3) ]. The second ammonium H atom is not involved in hydrogen bonding.
Chemical context
During the last decade, chiral non-racemic substituted ferrocene derivatives have found broad applications in a number of different fields, including asymmetric catalysis, and an increasing number of new catalysts and ligands have been reported progressively (Helmchen & Pfaltz, 2000; Dai et al., 2003; Sutcliffe & Bryce, 2003; McManus & Guiry, 2004; Miyake et al., 2008; Š tě pnička, 2008; Hargaden & Guiry, 2009) . During the synthesis of chiral PNP pincer ligands [tridentate ligands coordinating to a central metal atom via P, N and P (Szabo & Wendt, 2014) ] with a ferrocene scaffold and their Fe II complexes (Hargaden & Guiry, 2009 ), the salt 1HÁBr was crystallized as its CH 2 Cl 2 solvate (Fig. 1) instead of the expected [Fe(PNP)Br 2 ] complex (Fig. 2) . However, neither the crystal structure of any salt of 1H + , nor of any of its solvates, has been reported up to now. The crystal structure of 1HÁBrÁCH 2 Cl 2 is reported in this communication with the aim of contributing to a deeper understanding of its molecular structure and the crystal packing. 
Structural commentary
The title salt 1HÁBr crystallizes with one dichloromethane molecule in space group P4 3 , with one formula unit in the asymmetric unit. The correct space-group assignment, and by consequence absolute configuration, was confirmed by resonant scattering [Flack parameter 0.002 (3) ; Flack, 1983] . It is in agreement with the expected absolute configuration as determined by the enantioselective synthesis (Zirakzadeh et al., 2016) . In contrast to classical PNP complexes, where the lone pairs of the P and N atoms are directed towards the coordinated metal, the 1H + ion adopts a distinctly more twisted conformation (Fig. 1) [the angles of the C-N bonds to the least-squares planes of connected pentadienyl moieties are 61.2 (2) and 81.9 (10) ]. Whereas the lone pairs of the P atoms are approximately in a face-to-face orientation, the hydrogen atoms of the secondary ammonium group are directed in a different direction towards distinct channels in the structure (see below). The ferrocene moieties adopt staggered (Fe2: average C-G-G-C torsion angle 30.1 , where C stands for a C atom of the ferrocene and G for the center of gravity of the C atoms of the corresponding ring) and somewhat more eclipsed (Fe1: 14.9 ) conformations, respectively.
Supramolecular features
One of the two ammonium H atoms forms a hydrogen bond with the Br À ion ( Reaction scheme towards the formation of the title salt 1HÁBr. Table 1 Hydrogen-bond geometry (Å , ). Figure 3 The crystal structure of 1HÁBrÁCH 2 Cl 2 viewed down [010] . Atoms are as in Fig. 1 . H atoms have been omitted for clarity.
Figure 1
The structures of the molecular entities in 1HÁBrÁCH 2 Cl 2 . Non-H atoms are represented by ellipsoids drawn at the 50% probability level (C gray, N blue, P light orange, Cl green, Fe dark orange and Br brown 
Database survey
A search of the Cambridge Structural Database (Version 5.37; last update March 2016; Groom et al., 2016) for structures of molecules containing an analogous tridentate ferrocene PNP scaffold revealed no entries. However, three molecules where the secondary amine functionality is replaced by a longer linker were found: AZAHED (amine substituted for imidazolium; Gischig & Togni, 2005) , ALEZMOS (2,6-pyridine dicarboxamide; Reddy et al., 2007) and PEDTEX (piperazine; Zhou & Zhang, 2005) . Finally, in XARUD (You et al., 2000) the amine functionality is substituted by a cyclohexanediamine unit. Moreover, the methyl groups are substituted by oxo groups, making XARUD a bis-formamide.
Synthesis and crystallization
All reactions were performed under an inert atmosphere of argon using Schlenk techniques. The solvents were purified according to standard procedures. The synthesis of 1 and the [Fe(PNP)Br 2 ] complex was described in detail by our group (Zirakzadeh et al., 2016) . Single crystals suitable for X-ray structure determination were grown by vapour diffusion of Et 2 O into a CH 2 Cl 2 solution.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . H atoms bonded to C atoms were placed in calculated positions and refined as riding atoms, with fixed bond lengths in the range 0.95-1.00 Å and U iso (H) = 1.2U eq (C) or 1.5U eq (C Me ). Ammonium H atoms were found in difference Fourier maps and were refined freely. (Bruker, 2015) ; cell refinement: SAINT-Plus (Bruker, 2015) ; data reduction: SAINT-Plus (Bruker, 2015) ; program(s) used to solve structure: SHELXT (Sheldrick, 2015a ); program(s) used to refine structure:
SHELXL2014 (Sheldrick, 2015b) ; molecular graphics: Mercury (Macrae et al., 2006) ; software used to prepare material for publication: publCIF (Westrip, 2010) .
Bis{(S)-1-[2-(diphenylphosphanyl)ferrocenyl]-(R)-ethyl}ammonium bromide dichloromethane monosolvate
Crystal data 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
